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Background: Assessment of mucociliary clearance with displacement of charcoal
markers in the central airways needs a bronchoscopic procedure and thus local
anesthesia of the upper airways. However, the effects of lidocaine administration on
mucus transport in airways are inconclusive. Therefore, detailed information is
needed to establish the effects of high- and low-dose lidocaine administration.
Objectives: To study the dose-dependent effect of instillation of lidocaine on mucus
transport velocity (MTV) in intubated, anaesthetized dogs.
Methods: Displacement of a charcoal spot in time was studied with a bronchoscope
in 10 anaesthetized dogs before and after administration of respectively 5 and 10ml
of either 2% lidocaine (n ¼ 5) or NaCl 0.9% (n ¼ 5). In addition, mucus viscoelastic
properties were determined.
Results: No significant differences in MTV were observed after administration of
5ml of NaCl (8.273.2mm/min) or 2% lidocaine (6.773.8mm/min) compared to
baseline values. By contrast, MTV was reduced after administration of 10ml of 2%
lidocaine (1.971.0mm/min; Po0:05 vs. baseline and 5ml of 2% lidocaine vs.
controls, P ¼ 0:0035), but not after 10ml of NaCl (6.272.1mm/min). A trend
towards an increased mucociliary clearability index was observed for the lidocaine-
treated group as compared to the control group (P ¼ 0:07). The cough clearability
index was not different between groups (P ¼ 0:89).
Conclusions: High-dose lidocaine reduces MTV. Therefore, only low-dose lidocaine
administration should be applied in the bronchoscopic procedure for assessment of
MTV.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Assessment of mucociliary transport (MCT) with
bronchoscopic investigation of displacement of
particles in the bronchial tree was developed by
Sackner et al.1 Later, King et al.2 developed the
bronchoscopic procedure with charcoal markers in
the bronchial tree in dogs. This methodology is also
applied in clinical studies in anaesthetized pa-
tients.3,4 The bronchoscopic procedure is usually
performed with 5 or 10ml 2% lidocaine as topical
anesthesia to reduce marked coughing and to
minimize the risk of bronchospasm induced by the
bronchoscope. However, the effect of lidocaine on
MCT is controversial. Two studies have examined
the in vivo effect of different dosages of lidocaine
on mucus transport velocity (MTV) in the trachea.
Friedman et al.5 found, in a study with only two
healthy subjects, no consistent differences in
fluoroscopic measurement of MTV after intratra-
cheal instillation of 5ml of 2% lidocaine. Landa
et al.6 doubled the dose of lidocaine (10ml of 2%
lidocaine) and observed no significant differences
in MTV in the trachea of either conscious sheep or
sheep under general anesthesia. Furthermore, two
studies have been reported on the effect of nasal
instillation of lidocaine on nasal MCT. No alteration
in nasal MCT was observed after the instillation of
2mg of lidocaine7 or 80mg of lidocaine in healthy
non-smokers.8 In contrast, a significant decrease in
nasal MCTwas found in smokers.8
Several in vitro studies have shown that lidocaine
is able to inhibit nasal ciliary beating9–11 as well as
tracheal ciliary activity.12–14 Even concentrations of
lidocaine as low as 0.25% are reported to lower
nasal ciliary beat frequency in vitro in four healthy
subjects.11 Lidocaine at a concentration of 2% has
been shown to inhibit ciliary functioning irrever-
sible in vitro.11,12,14 Rutland et al.10 sprayed one
nasal cavity with 0.7ml of 4% lidocaine in five
healthy subjects and five patients undergoing
fiberoptic bronchoscopy. In vitro ciliary beat fre-
quency was not significantly different from the
contralateral nasal cavity. Similar results were
found by Dudley and Cherry14 who injected 0.8ml
of 4% lidocaine in the tracheas of chicken embryos.
By contrast, Roth et al.15 found a significant
decrease in in vitro ciliary beat frequency after in
vivo administration of lidocaine (2–3ml of 2%
lidocaine sprayed in the nose, 1ml of 4% lidocaine
applied to the vocal cords and 2ml of 2% lidocaine
instilled into the trachea) as compared to values
obtained without the application of local anesthe-
sia in patients requiring a bronchoscopic investiga-
tion. Lidocaine is also reported to stimulate the
secretion of mucus.16–18The conclusions from both in vivo as well as in
vitro studies on the effects of different dosages of
lidocaine are controversial. Since the airway
volume of the central airways in dogs is rather
similar to humans,19 we investigated the effect of
instillation of lidocaine in the canine central
airways. The aim of the study was to compare the
differential in vivo effects of instillation of 5 and
10ml of 2% lidocaine or NaCl (0.9%) on MTV and
viscoelastic properties of mucus.Materials and methods
Study design
Ten mongrel dogs were anaesthetized intravenously
with sodium pentobarbital (25mg/kg). They were
intubated with a (deflated) cuffed endotracheal
tube and were breathing spontaneously humidified
and warmed air (FiO2 21%) (Fisher & Paykel
Healthcare MR 730) through the endotracheal tube.
The right femoral vein was canulated in order to
give maintenance dose of Nembutal when neces-
sary. The level of surgical anesthesia was main-
tained such as to keep the corneal reflex present.
The right femoral artery was canulated to measure
arterial blood pressure. All dogs were placed in a
supine position throughout the entire duration of
the experiment. In five randomly assigned dogs
(10.270.8 kg), MTV was studied before (MTV0) and
after the administration of respectively 5ml (MTV5)
and 10ml (MTV10) of 2% lidocaine injected through
the internal channel of a bronchoscope into the
tracheobronchial tree at the level of the carina. In
five control dogs (11.872.2 kg), an equivalent
volume of NaCl (0.9%) was administered. A 30min
interval was kept between the dosage of 5 and
10ml of either lidocaine 2% or NaCl 0.9%. At the
end of these measurements, mucus was collected
from the endotracheal tube in order to examine its
viscoelastic properties. This procedure was ap-
proved by the animal experiments committee of
the Katholieke Universiteit Leuven.
Mucus transport velocity (MTV)
MTV was measured according to a technique
previously described by King et al.2 This procedure
allows reproducible assessment of MTV2 in a
relative short time (15–20min) and is therefore
also applicable in human conditions. Slight mod-
ifications in the experimental procedure, however,
were made. In summary, a drop of a finely
divided carbon (activated charcoal C-5260, Sigma)
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CaCl2, 1mM KH2PO4, 12mM NaHCO2 and 6.5mM
glucose) was deposited onto the airway epithelium
under visual control at the level of the carina,
distant from the endotracheal cuff to avoid
influence on the measurement. This was accom-
plished by means of a thin catheter—containing a
drop of a suspension of finely divided carbon in
Krebs—which was introduced through the working
channel of a flexible bronchoscope. Two minutes
after the deposition of the marker, the position of
the leading edge or spot was determined by
advancing the bronchoscope until the spot just
passes out of view. This was considered the ‘zero
point’. The clock was then started and the position
of the bronchoscope (including the angle of the tip)
with respect to the endotracheal tube was noted.
After 5min, the leading edge of the translocated
charcoal spot was relocated and the difference was
calculated. MTV was calculated as the distance
traveled divided by the time elapsed. Lidocaine 2%
(or NaCl for the controls) was then injected in a
volume of 5ml and MTV was again measured after
5min. The same procedure was repeated 30min
later after lidocaine 10ml (or NaCl 10ml for the
controls) was injected.Mucus collection
Mucus was scraped from the endotracheal tube
after the experiment was done. The mucus sample
was put in a microtube and covered immediately
with paraffin oil and deep-frozen at 80 1C. The
mucus samples were kept in the freezer until the
viscoelastic properties were analyzed (Dr. E App,
Department of Pneumology, Albert-Ludwigs-Univer-
sity Freiburg, Germany).Mucus viscoelasticity
Mucus viscoelasticity was measured with the
magnetic microrheometer adapted by King and
Rubin.20 A sample of mucus into which has been
inserted a small steel ball, is placed between the
poles of an electromagnet. The ball is then
oscillated within the mucus by creating an oscillat-
ing field gradient with the magnet. The amplitude
of oscillation and the current in the magnetic coil
are used to determine viscosity and elasticity.
Mucus viscoelasticity is described by two relatively
independent variables, namely the mechanical
impedance and the loss tangent. The mechanical
impedance (log*) is the vector sum of viscosity and
elasticity, whereas the loss tangent (tan d) is the
ratio of viscosity to elasticity. G* and tan d can beconsidered, respectively, as a rigidity factor and a
recoil factor.21 All mucus samples were analyzed at
low (1 rad/s) and high oscillation (100 rad/s) fre-
quency. Indeed, low-shear rate of low-frequency
viscoelasticity measurements relate appropriately
to measurements of mucociliary clearance,
whereas high-shear rate, high-frequency measure-
ments are more predictive for cough clearance.
Two derivative parameters, namely the mucociliary
clearability index (MCI) and the cough clearability
index (CCI), are calculated from the following
formulas:
MCI ¼ 1:62 ð0:22 log1Þ  ð0:77 tan d1Þ,
CCI ¼ 3:44 ð1:07 log100Þ þ ð0:89 tan d100Þ.
A high tan d at high frequency indicates viscous
mucus that favors cough clearance, whereas a low
tan d at low frequency characterizes elastic mucus
that favors ciliary clearance. A high log* inhibits
both forms of clearance.
Statistical analysis
Statistical analysis was done using the SAS statistics
package (SAS Institute, Cary, NC). Values are given
as means7standard deviations. A P-level of less
than 0.05 was considered to indicate statistical
significance. Since MTV is measured 3 times in each
dog, namely before, after 5ml and after 10ml of
either 2% lidocaine or NaCl (0.9%), the treatment
and the control group were compared using
repeated-measures analysis of variance (ANOVA)
(Duncan). Mucus viscoelastic properties were ana-
lyzed using unpaired Wilcoxon tests.Results
All 10 dogs completed the measurements without
difficulty. No significant differences in body weight
existed between the two groups (10.270.8 kg for
the lidocaine-treated dogs vs.11.872.2 kg for the
control dogs; P ¼ 0:18). The administered dose of
Nembutal was similar for both the groups (total
dose: 44.477.4mg/kg for the lidocaine-treated
group and 40.676.4mg/kg for the control group;
P ¼ 0:43).
As illustrated in Fig. 1, baseline values of MTV did
not differ significantly between both groups
(8.573.5 and 8.374.1mm/min before lidocaine
and NaCl, respectively, P ¼ 0:92). A statistically
significant decrease in MTV was found for the
lidocaine-treated group after the administration of
10ml of 2% lidocaine (73719%, Po0:05) but not
after 5ml of 2% lidocaine. No significant differences
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Figure 2 MCI and CCI for the control group and the
lidocaine-treated group. A trend toward an increased MCI
after the instillation of lidocaine was observed
(P ¼ 0:069). No effect on the CCI could be demonstrated
(P ¼ 0:89).
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Figure 1 MTV before (MTV0) and after the administration
of 5 (MTV5) and 10ml (MTV10) of either NaCl (0.9%) or 2%
lidocaine. MTV decreased significantly after the admin-
istration of 10ml of 2% lidocaine (Po0:05 compared to
control).
Lidocaine affects mucus transport 261in MTV were found after 5ml (8.273.2mm/min) or
10ml (6.272.1mm/min) NaCl in control animals
compared to baseline values (8.374.1mm/min).
No significant differences were found in mucus
viscoelasticity, i.e. log*1 (3.25670.228 and 3.407
0.11 dyn/cm2) or log*100 (3.6370.23 and 3.807
0.13 dyn/cm2) and tan d1 (0.3070.12 and 0.43
70.11 rad/s) or tan d100 (0.3470.12 and 0.537
0.26 rad/s), between lidocaine-treated group and
control group, respectively. A trend toward an
increase of the MCI was found for the lidocaine-
treated group as compared to the control group
(P ¼ 0:069) (Fig. 2). No effect of lidocaine instilla-
tion was found for the CCI (P ¼ 0:89) (Fig. 2).Discussion
The present study showed that the instillation of
10ml, but not of 5ml of 2% lidocaine depressed
MTV significantly in the central airways as com-
pared to baseline and to a control intervention (5 or
10ml NaCl 0.9%). This result is in line with the
finding of Friedman et al.5 who observed no effect
of 5ml of 2% lidocaine on mucus transport. Our
results contrast, however, with those of Landa et
al.6 who found no effect of 10ml of 2% lidocaine.
This disagreement might be related to the larger
volume of sheep central airways or differences in
body position during the experiments (standing in
the sheep and supine in our dog experiments).
The methodology for the assessment of mucus
transport in the present study was previously
adapted and evaluated on its reproducibility by
King et al.2 Although between animal observations
of MTV showed substantial variability, within
animal MTV measurements, on different days as
well as with different level of anesthesia, were
reproducible.2 The observed MTV at baseline in the
present study (8.474.0mm/min) was comparable
to MTV at baseline (8.275.6mm/min) found by
King et al.2
A cumulative effect of the 5 and 10ml lidocaine
administration could have resulted in the observed
decrease of MTV after injection of 10ml of
lidocaine. Since the procedure was similar for all
animals (10ml was always given after 5ml), a
systematic error could have occured. However,
studies have shown that lidocaine application has a
short lasting effect (15min) on skin sensitivity22
and on nerve conductancy (30min).23 Other studies
observed no long-term effects of the application of
lidocaine on MTV.6,14 Therefore, an interval of
30min between the two dosages was considered
safe to avoid cumulative effects, but cumulative
effects cannot be fully ruled out.
The time frame of MTV measurement of 5min
after injection was chosen to observe the immedi-
ate changes. The bronchoscopic procedure for MTV
assessment has to be short to avoid unnecessary
discomfort to the patient. Longer periods of
assessment would have needed supplemental in-
stillations of lidocaine and further potential inter-
ference with MTV measurement. Although effects
of lidocaine at longer intervals are less likely to be
observed,22,23 keeping the same timing of assess-
ment after instillation would have induced a
systematic error for all measurements.
Several mechanisms could be responsible for the
observed drop in MTV with 10ml of 2% lidocaine
such as increased airway secretions, altered
viscoelastic properties or reduced ciliary beat
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stimulate the secretion of mucus.16–18 Barbiturates
may affect mucus transport or rheological proper-
ties, but data from the literature are conflict-
ing.24,25 However, in our study, the contribution of
barbiturates in affecting mucus transport was
probably limited as control animals and lidocaine
animals received the same amount of barbiturates
and still mucus transport was different between the
two groups.
Since the transport of water across the airway
epithelium depends on ion transport, instillation of
lidocaine into the central airways affects the water
content and consequently the rheology of the
mucus. Indeed, inhibition of Na+ transport by
lidocaine administration may inhibit the flux of
ions and water from the lumen into the mucosa,
resulting in an increase in airway hydration.
Winters and Yeates26 hypothesized that the un-
perturbed tracheobronchial airways favor absorp-
tion of water into the mucosa, leading to a low
basal level of mucociliary transport. An increase in
airway hydration may then result in an increased
mucociliary transport. Daviskas et al.27 observed an
increase in mucociliary clearance after inhalation
of a hypertonic salt solution (14.4% saline versus
0.9% saline). Indeed, we observed a trend
(P ¼ 0:069) toward an increase in MCI after the
instillation of lidocaine and therefore, the effect
on surface liquid hydration and epithelial sodium
transport cannot be invoked in the genesis of the
observed impairment of mucus transport by lido-
caine in the present study. Power calculation on the
present data revealed a power of 67%. To obtain a
power of 90%, 10 animals were needed in each
group.
In vitro studies have shown that lidocaine can
depress ciliary activity. Lidocaine at a concentra-
tion of 2% has been shown to inhibit ciliary
functioning irreversibly in vitro.11,12,14,15 Nasal
cavity spray with 0.7ml of 4% lidocaine did not
alter in vitro ciliary beat frequency.10 In addition,
Winters and Yeates28 showed that an increase in the
intracellular [Na+]/[Cl] ratio is associated with an
increased ciliary beating frequency (CBF). By
blocking the Na+ channels due to the instillation
of lidocaine, the intracellular [Na+]/[Cl] ratio may
decrease and as a consequence perhaps also the
CBF. Since we found a statistically significant
decrease in MTV after the instillation of 10ml of
2% lidocaine, it is possible that this was caused by a
decrease in CBF.
We postulate that the positive trend elicited by
lidocaine on the rheological properties of mucus,
i.e. MCI, was smaller in magnitude than its negative
effect on other involved variables, such as the CBFor the amount of mucus. Consequently, MCT was
significantly depressed after high-dose lidocaine
administration.
Practical implications
The bronchoscopic procedure to measure mucus
transport might allow assessing the effects of
interventions on MCT in ventilated patients. During
bronchoscopic procedures, a local anesthetic of
5–10ml of 2% lidocaine is usually administered to
patients29 and seems to be an appropriate proce-
dure in terms of patient satisfaction. The endosco-
pist will use the lowest possible lidocaine related to
the symptoms of the patient. Our results show that
only the use of 5ml 2% lidocaine does not interact
with MTV. Since airway volume of the central
airways is rather similar in humans and dogs,19
our results can be extrapolated to humans. Indeed,
a study in healthy subjects, based on the described
methodology in the present paper, showed a
decrease of MTV after anesthesia.4 In addition,
the same methodology, using 10ml of 1% lidocaine,
was applied in ventilated healthy subjects.30
Further studies are warranted to develop refer-
ence values for MTV in healthy subjects with this
methodology.Acknowledgments
We wish to thank Dr. E. App (Department of
Pneumology, Albert-Ludwigs-University Freiburg,
Germany) for the rheological analysis of the mucus
samples. Mrs. R. Schepers assisted kindly in the
statistical analysis of the data.
Grants
Els Houtmeyers was supported by the Fund for
Scientific Research-Flanders (FWO). Ghislaine Gayan-
Ramirez is a postdoctoral fellow of the Fund for
Scientific Research-Flanders (FWO).References
1. Sackner MA, Rosen MJ, Wanner A. Estimation of tracheal
mucous velocity by bronchofiberscopy. J Appl Physiol
1973;34:495–9.
2. King M, Phillips DM, Gross D, Vartian V, Chang HK, Zidulka A.
Enhanced tracheal mucus clearance with high frequency
chest wall compression. Am Rev Respir Dis 1983;128:511–5.
3. Konrad F, Schraag S, Marx T, Kilian J, Goertz A. The effect of
total intravenous anesthesia with propofol, alfentanil and
vecuronium (TIVA) on bronchial mucosal transport. Anasthe-
siol Intensivmed Notfallmed Schmerzther 1998;33:171–6.
4. Konrad F, Marx T, Schraag M, Kilian J. Combination
anesthesia and bronchial tranport velocity. Effects of
ARTICLE IN PRESS
Lidocaine affects mucus transport 263anesthesia with isoflurane, fentanyl, vecuronium and oxy-
gen-nitrous oxide breathing on bronchial mucus transport.
Anaesthesist 1997;46:403–7.
5. Friedman M, Stott FD, Poole DO, Dougherty R, Chapman GA,
Watson H, Sackner MA. A new roentgenographic method for
estimating mucous velocity in airways. Am Rev Respir Dis
1977;155:67–72.
6. Landa JF, Hirsch JA, Lebeaux MI. Effects of topical and
general anesthetic agents on tracheal mucous velocity of
sheep. J Appl Physiol 1975;38:946–8.
7. Armengot M, Basterra J, Garcia-Bartual E. The influence of
anesthetics and vasoconstrictors on nasal mucociliary trans-
port. Acta Otorhinolaryngol Belg 1989;43:149–56.
8. Rossman CM, Newhouse MT. Effect of lidocaine on nasal
mucociliary clearance in normals and smokers. Am Rev
Respir Dis 1977;115(suppl):239.
9. Rutland J, Griffin W, Cole P. Nasal brushing and measure-
ment of ciliary beat frequency. An in vitro method for
evaluating pharmacologic effects on human cilia. Chest
1981;80(suppl):865–7.
10. Rutland J, Griffin W, Cole PJ. An in vitro model for studying
the effects of pharmacological agents on human ciliary beat
frequency: effects of lignocaine. Br J clin Pharmacol
1982;13:679–83.
11. Ingels KJAO, Nijziel MR, Graamans K, Huizing EH. Influence
of cocaine and lidocaine on human nasal cilia. Beat
frequency and harmony in vitro. Arch Otolaryngol Head
Neck Surg 1994;120:197–201.
12. Manawadu BR, Mostow SR, LaForce FM. Local anesthetics and
tracheal ring ciliary activity. Anesth Analg 1978;57:448–52.
13. Mostow SR, Dreisin RB, Manawadu BR, LaForce FM. Adverse
effects of lidocaine and methylparaben on tracheal ciliary
activity. Laryngoscope 1979;89:1697–701.
14. Dudley JP, Cherry JD. Effect of topical anesthetics on ciliary
activity of chicken embryo tracheal organ cultures. Ann Otol
1978;87:533–7.
15. Roth Y, Aharonson EF, Teichtahl H, Baum GL, Priel Z, Modan
M. Human in vitro nasal and tracheal ciliary beat frequen-
cies: comparison of sampling sites, combined effect of
medication, and demographic relationships. Ann Otol Rhinol
Laryngol 1991;100:378–84.
16. Somerville M, Karlsson J-A, Richardson PS. The effects of
local anaesthetic agents upon mucus secretion in the feline
trachea in vivo. Pulm Pharmacol 1990;3:93–101.
17. Phipps RJ, Richardson PS, Corfield A, Gallagher JT, Jeffery
PK, Kent PW, Passatore M. A physiological, biochemical andhistological study of goose tracheal mucin and its secretion.
Phil Trans R Soc London 1977;279:513–43.
18. Somerville M, Richardson PS. Local anaesthesia of the
trachea and mucus secretion. Symp Soc Exp Biol 1989;43:
193–9.
19. Phillips CG, Kaye SR. Diameter-based analysis of the
branching geometry of four mammalian bronchial trees.
Respir Physiol 1995;102:303–16.
20. King M, Rubin BK. Rheology of airway mucus: relationship
with clearance function. In: Takishima T, Shimura S, editors.
Airway secretion: physiological bases for the control of
mucous hypersecretion (lung biology in health and disease:
volume 72), 1st ed. New York: Marcel Dekker, Inc.; 1994. p.
283–314.
21. King M. The role of mucus viscoelasticity in cough clearance.
Biorheology 1987;24:589–97.
22. Schonemann NK, van der Burght M, Arendt-Nielsen L,
Bjerring P. Onset and duration of hypoalgesia of lidocaine
spray applied to oral mucosa—a dose response study. Acta
Anaesthesiol Scand 1992;36:733–5.
23. Kokubu M, Oda K, Machida M, Shinya M. New lidocaine ester
derivats with prolonged anesthetic effect. J Anesth
1990;4:270–4.
24. King M, Engel LA, Macklem PT. Effect of pentobarbital
anesthesia on rheology and transport of canine tracheal
mucus. J Appl Physiol 1979;46:504–9.
25. Padda GS, Kishioka C, Rubin BK. Propofol and metho-
hexital have no significant effect on mucus secretion or
clearance in the anaesthezed dao. Crit Care Med 2001;29:
1045–8.
26. Winters SL, Yeates DB. Roles of hydration, sodium, and
chloride in regulation of canine mucociliary transport
system. J Appl Physiol 1997;83:1360–9.
27. Daviskas E, Anderson SD, Gonda I, Eberl S, Meikle S, Seale JP,
Bautovich G. Inhalation of hypertonic saline aerosol en-
hances mucociliary clearance in asthmatic and healthy
subjects. Eur Respir J 1996;9:725–32.
28. Winters SL, Yeate DB. Interaction between ion transporters
and the mucociliary transport system in dog and baboon.
J Appl Physiol 1997;83:1348–59.
29. Pickles J, Jeffrey M, Datta A, Jeffrey AA. Is preparation for
bronchoscopy optimal? Eur Respir J 2003;22:203–6.
30. Konrad F, Schreiber T, Grunert A, Clausen M, Ahnefeld FW.
Measurement of mucociliary transport velocity in ventilated
patients. Short-term effect of general anesthesia on
mucociliary transport. Chest 1992;102:1377–83.
